In this article, we review and discuss the potential use of EPG (electropenetrography) as a powerful tool to unveil the feeding process of phytophagous stink bugs (pentatomids). These bugs are relatively big and vigorous, which presents a problem during wiring (i.e., attachment of the gold wire on the bug's pronotum) for use in EPG. Once this challenge was overcome, using the sand paper-and-wire technique, several species have been studied using EPG, yielding waveforms that, coupled with histological studies, revealed the ingestion sites on different host plants. These sites include vascular tissues (xylem and phloem), parenchyma tissue, and seed endosperm. Stink bugs usually feed by secreting a gelling saliva to create a salivary sheath that surrounds the stylets and anchors/ supports/lubricates them. However, using the cell rupture feeding strategy and the tactic of combined laceration (mechanical movements of the stylets) and maceration (action of chemical enzymes) breaks the plant cells enabling ingestion. The number of ingestion events and their duration is variable according to the feeding site. Waveforms generated have typical patterns according to the feeding site. Recent studies with several species of stink bugs have started to demonstrate the potential of EPG as a tool to unveil their feeding behavior. This may also be useful in the applied field of stink bug management, such as the development and screening of resistant genotypes and the action of chemical insecticides affecting their feeding and survivorship.
Introduction
The feeding behavior of piercing-sucking insects is complex and highly sophisticated with all activities related to feeding occurring inside the plant tissue, resulting in difficulties for direct feeding observation and quantification. The development of an electronic monitoring system (McLean & Kinsey 1964 , Tjallingii 1978 , Backus & Bennett 2009 ) provided a great technological advance in the study of the interactions between these insects and their host plants.
Electropenetrography (EPG) (previously known as electrical penetration graph) is a technique whereby an electrical circuit is formed between the plant and the insect and a low electrical current is applied. A plant electrode is inserted into the soil and another electrode (thin gold wire) is attached to the insect body. The electrical circuit is closed when the stylets are inserted into the plant tissue. According to the stylet activities performed, electrical signals generated by the flow of ionized fluids through the stylets are captured, amplified, and represented as waveforms on a computer screen (Fig 1) (see more details in Walker 2000 , Backus 2016 .
Heteropterans are economically important crop pests around the world (Schaefer & Panizzi 2000 , McPherson & McPherson 2000 . Despite heteropterans' recognized pest status and the existence of EPG technology for more than 50 years, only 13 species, from five heteropteran families, have been recorded using this technology to evaluate their feeding behavior (Table 1) .
Pentatomidae (Heteroptera) include many pests of plant species, with constant new native or invasive species becoming pests in different regions of the world (e.g., Panizzi 2015 , and references therein). For example, in Brazil, stink bugs are responsible for over US$ 600 million of yield loss each year in soybean and over US$ 100 million in maize (CEPEA/ESALQ & ANDEF 2017).
Challenges to record these insects using the EPG technique included their preference to feed on fruits and seeds, their large body size, and their vigorous movements compared to other piercing-sucking insects more commonly studied with EPG. In general, true bugs (Miridae, Blissidae, and Plataspidae) so far studied using EPG have a relatively small body length (< 6 mm), whereas Coreidae and Pentatomidae are bigger (> 8 mm) (Table 1) . demonstrated that the behavior (body movements) of pentatomids was more important than body size for successful wiring. After studies to determine a method to ensure more success through wiring (the sand paper-andwire technology, , more pentatomid species have been recorded. In this method, the stink bug pronotum is slightly sanded, using a piece of human dental sand paper, to improve the gold wire attachment. This treatment does not cause changes in the insect's behavior.
In total, five pentatomid species have been studied using EPG; the southern green stink bug Nezara viridula (L.) (Cooke 2014) , the brown-winged stink bug, Edessa meditabunda (F.) , the red-banded stink bug, Piezodorus guildinii Westwood , and the green-belly stink bugs, Dichelops melacanthus (Dallas) and Dichelops furcatus (F.) (Lucini & Panizzi 2017a,b, respectively) .
In this article, we review and discuss the feeding strategies and tactics used by stink bugs, the feeding sites and ingestion cells explored, the waveforms generated using EPG, and the resulting damage in vegetative and reproductive plant tissues. Moreover, the potential of EPG as a tool to unveil the feeding process of stink bugs, to advance our knowledge of this complex process, and to explore new ways to mitigate their impact as pests is discussed.
Stink Bug Feeding

Stink bug mouthpart anatomy
Mouthparts of piercing-sucking insects are composed of sophisticated structures called stylets, which are formed by modified mandibles and maxillae. The stylets are thin and flexible structures that are inserted into the host tissue during feeding activities. Pentatomids, as well as other hemipterans, have four stylets comprising the stylet bundle (two mandibular and two maxillary stylets), which are linked by an interlocking mechanism over their entire length. The two maxillary stylets are arranged at the center of the bundle to form two separate canals, the salivary and food canals; externally at the bundle, and encasing the maxillary stylets, the two mandibular stylets are arranged. Mandibular stylet tips bear small teeth which are responsible to break the cells and to open a way to the maxillary stylet penetration.
During non-feeding activities, the stylet bundle is housed within a "tube" formed by a segmented structure named the labium, which is held along the ventral surface of the insect body while at rest; during feeding activities, the labium is not inserted into the tissue, only the stylets (more details in Panizzi 2010, and Esquivel 2011) . Together, the stylet bundle plus labium are termed the rostrum or proboscis.
Feeding strategies and tactics
Several studies have discussed the different feeding strategies and tactics used by phytophagous hemipterans. Hori (2000) described four different strategies based on work by Miles (1972) : (1) salivary sheath, (2) lacerate-and-flush, (3) macerate-and-flush, and (4) osmotic pump feeding. A more recent review by Backus et al (2005) revised the feeding strategies of hemipterans, suggesting two main strategies: (1) salivary sheath feeding and (2) cell rupture feeding. Backus et al (2005) also proposed four tactics under cell rupture feeding, primarily due to EPG findings. Thus, they denoted lacerate-and-flush and macerate-and-flush to tactics under the more general cell rupture strategy. Most heteropterans use the salivary sheath and cell rupture strategies while on their host plants.
In the salivary sheath strategy, the insect secretes gelling saliva to create a complete salivary sheath that surrounds the stylets during its movement into the plant tissue and the entire length to the ingestion cell (Fig 2) ; the sheath is thought to anchor/support/lubricate the stylets (Miles 1972 ). In the cell rupture strategy, two of the four tactics are most relevant as we consider how heteropterans break apart the plant cells: (1) lacerate-and-flush and (2) macerateand-flush. During lacerate-and-flush, the stylets are moved in and out, deeply and continuously into the plant tissue (mechanical action) (Fig 3) , accompanied by secretion of mildly tissue-degrading watery saliva to "flush" out the cell contents; the resulting fluids are ingested. Stylet wounding is a more severe cause of plant damage than salivary degradation; thus, the damage is termed a "saliva-enhanced wound response" (Backus et al 2005) . The lacerate-and-flush tactic has been best-studied for Empoasca fabae Harris and Empoasca kraemeri Ross & Moore (Auchenorrhyncha: Cicadellidae) (Calderon & Backus 1992 , Backus et al 2005 .
During the macerate-and-flush tactic, severely cell walldegrading enzymes like pectinases are injected into the plant, via watery saliva, to dissolve the cells (chemical action). Although the stylets also move slightly and slowly to spread saliva throughout the plant structure, the primary cause of damage is chemical. Flushing is again followed by ingestion. The macerate-and-flush tactic has been best-studied for Lygus hesperus Knight and Lygus lineolaris (Palisot de Beauvoir) (Heteroptera: Miridae) (Cervantes et al 2016 . Both lacerate-and-flush and macerate-and-flush tactics result in the uptake of degraded cell contents (Miles 1972 , Hori 2000 . However, in terms of stylet movements and salivary chemistry, they represent the extremes of a spectrum of likely maceration/laceration tactics. Stink bugs, as described further below, appear to use a mixture of these two cell rupturing tactics. Therefore, we herein propose an additional, intermediate tactic of lacerate/macerate-andflush, wherein moderate-to-extensive stylet movements are combined with (probably) moderately cell wall-degrading saliva, prior to ingestion.
While sternorrhynchan and most auchenorrhynchan use exclusively one strategy (salivary sheath strategy) on all host plants, stink bugs can use more than one feeding strategy on the same host plant, switching according to the feeding site. When feeding on vascular tissues (xylem and phloem), stink bugs use the salivary sheath strategy, whereas on parenchyma tissue and seed endosperm they use the cell rupture strategy via our new tactic of lacerate/macerate-and-flush. For example, on soybean plants, P. guildinii and on wheat plants, D. furcatus (Lucini & Panizzi 2017b) , use a salivary sheath to feed in the xylem vessels in any plant structure and the cell rupture to feed in the seed endosperm. Interestingly, D. melacanthus may also use both feeding strategies, however, in the same feeding site, in this case, maize stem (Lucini & Panizzi 2017a ). To our knowledge, this ability to switch feeding strategy has never been published in EPG studies before our work for any piercing-sucking insect.
Feeding sites
Stink bugs are generalists and feed in different plant structures: stem, leaf, flower, fruit, and seed but, in general, have preference for reproductive structures, mostly immature seeds (Schuh & Slater 1995 , Olson et al 2011 . The endosperm of seeds contains stink bug essential nutrients such as proteins, lipids, and carbohydrates which are easily reached by the stylets. Although seeds provide all nutrients necessary for stink bug development (Slansky & Panizzi 1987) , some stink bug species do not exploit reproductive structures as their most preferred food supply, but use vegetative plant structures, such as leaf and stem primarily. Typical examples are the pentatomids E. meditabunda and Tibraca limbativentris Stål, which prefer to feed on soybean stem and on rice stem (Rizzo 1976) , respectively, and the plataspid Megacopta cribraria (F.) (closely related to Pentatomidae) which also feeds primarily on soybean stem (Seiter et al 2013) .
Sometimes, typical seed-feeders are faced with low availability of their preferred food source, so to maintain proper development, they shift their feeding behavior, and feed on vegetative tissues that are less nutritious . For example, D. melacanthus prefers to feed on soybean pods (immature seeds); however, in the absence of this more suitable food source, they have been observed to feed on seedlings of maize and wheat plants (Ávila & Panizzi 1995 , Manfredi-Coimbra et al 2005 .
On vegetative structures, studies have shown that stink bugs exploit both vascular tissues (xylem and phloem) of their host plants, as observed with E. meditabunda while feeding on soybean stem , and on parenchyma tissue, as reported to D. melacanthus and D. furcatus on maize and wheat stem, respectively (Lucini & Panizzi 2017a,b) . Seed-feeders also require water when feeding on seeds, which is obtained mainly from vegetative structures of the host or other plants (Saxena 1963) ; water ingestion probably serves to maintain hydration (Spiller et al 1990) and/or nutrient balance after ingesting from seed endosperm . For example, P. guildinii and N. viridula (Cooke 2014) ingest sap from xylem vessels on vegetative (petiole/stem) and on reproductive structures (pod) of soybean plants; similarly, D. furcatus ingests from xylem of stem and ear head of wheat plants (Lucini & Panizzi 2017b ).
Ingestion and duration
The most significant difference between stem-feeders and seed-feeders is related to the number of ingestion events and their duration (thus, only the ingestion phase of the EPG; see below), which are directly correlated with the feeding site (whether it is the preferred one or not). Analysis of EPG recordings have shown that stink bugs feeding on vegetative structures of their host plants present a different number of ingestion events and durations per event ( Table 2) . Adults of the stem feeder E. meditabunda repeat the ingestion events more than four times in vascular tissues (xylem and phloem) and for a long time (over 1 h) on soybean stem; this represents over 40% of the recording time spent in ingestion of sap from vascular tissues.
On the other hand, seed-feeders (N. viridula, P. guildinii, D. melacanthus, and D. furcatus) present a different behavior when ingesting from xylem vessels; in this case, both the number and duration of events are shorter compared to E. meditabunda (Table 2 ). In general, they spend ca. 10% of their recording time ingesting xylem sap on vegetative and on reproductive structures of their host plants. The number of ingestion events from xylem vessels is similar among seedfeeders (ca. 1.2 times per insect), except D. melacanthus which ingest more frequently. Regarding the duration per event, it is also similar (25 to 40 min), except with D. furcatus where each event is longer (ca. 68 min) than the other stink bug species (Table 2) .
D. melacanthus on maize stem and D. furcatus on wheat stem exploit the parenchyma tissue as food source. However, in this case they use the cell rupture strategy to feed and most probably also consume other cells such as those of the vascular system as well as parenchyma. The number of events and duration of each ingestion event is shorter for D. melacanthus compared to D. furcatus, representing 5 and 22% of the recording time, respectively (Table 2 ). However, when P. guildinii and N. viridula feed on seed endosperm of soybean (their preferred food source), as well as D. furcatus on seed endosperm of wheat, they spend most of the time on these feeding sites, ca. 22, 27, and 30%, respectively. P. guildinii repeats each ingestion event 1.3 times with long durations per event, as well as N. viridula (over 70 min/event); whereas, D. furcatus feed more frequently (> 2 times), also showing a long duration per event (Table 2) .
In general, results showed that stem-feeders ingest more often than seed-feeders, but the duration of the ingestion events was similar between them. However, on seeds, P. guildinii, N. viridula, and D. furcatus probably spend most of the time preparing the food, via laceration/maceration activities, before ingesting the nutrients, whereas in vascular tissues, nutrients are instantly available for ingestion (for more details, see Lucini & Panizzi 2017c ).
Feeding Activity and Tissue Damage
Types of damage
The mechanical action of the stylets and the injection of digestive enzymes within plant tissue results in different degrees of damage in vegetative and reproductive tissues; the resulting damage is strongly correlated to the strategies and tactics of feeding used by the stink bug. In general, the initial symptoms are bleaching and local lesions, with later development of secondary symptoms and physiological disarray of the plant from stylet insertion and saliva injection. Over time, these symptoms might lead to tissue wilting with eventual desiccation, tissue deformation, and necrosis of leaves, stem, fruits, and seeds, and abscission of reproductive structures (see more details in Hori 2000) .
Damage in vegetative and reproductive tissues
The wide diameter of the stink bug stylet bundle causes mechanical damage during feeding via the salivary sheath strategy. This generates a local lesion at the stylet insertion point, resulting in breakage of the cells during penetration into the plant tissue. The cell rupture strategy, on both vegetative and reproductive tissues, causes heavier damage on the tissues via combined mechanical (laceration) and chemical (maceration) actions. For example, D. melacanthus cell rupture feeding on maize seedlings causes wide lesions on different regions of the leaves. These lesions are derived from multiple stylet penetrations in the same location (Fig 4A) . Young maize plants have their stems composed of leaf sheaths rolled up (overlapping each other) which expand after complete development, exposing the lesions. In the same way, P. guildinii feeding on reproductive tissue of soybean (i.e., seed endosperm) cause heavy damage on seed endosperm using the cell rupture strategy (Fig 4B) . Cuts of fresh plant structures show a clear damaged area after the occurrence of cell rupture events on wheat and maize stems, and on soybean and wheat seeds endosperm (Lucini & Panizzi 2017a,b; .
Histology Unveiling Feeding Sites
Plant histology enables correlations to be made between waveform-feeding and cell type ingestion. This is based on the presence and position of the salivary sheath tip deposited by the insect after removal of the stylets from the plant tissue (e.g., Miranda et al 2009 , Bonani et al 2010 , or position of the stylet tip when excised-stylectomy (e.g., Seo et al 2009 ). To do so, when a specific waveform of interest is observed on the computer screen, the feeding activity is artificially terminated by rapidly pulling the insect off the plant, then the EPG monitor is turned off. The plant tissue bearing the sheath/stylets is cut and processed in histological sections, and then, the salivary sheath and/or stylet tip position in the tissue is determined under the microscope.
Using plant histology and stylectomy techniques, different waveforms can be correlated with specific feeding sites. This was done for five species of stink bugs feeding on their host plants (Cooke 2014 , 2017a . For instance, the waveform related to xylem sap ingestion of D. furcatus on wheat stem showed that both the salivary sheath and the stylet tips ended in this tissue during this waveform (Fig 5A) . Similarly, the waveforms identified as related to feeding activities of D. melacanthus from parenchyma of maize stem, was confirmed by the position of the stylet tips in this tissue during the waveform (Fig 5B) . Therefore, knowing the waveforms and feeding sites, it is possible to propose biological activities for each one, such as insertion and movement of the stylets (pathway phase) and food intake (ingestion phase). Table 2 Mean (± SE) number of ingestion events per insect, mean (± SE) duration (min) of ingestion event per insect, and percentage of recording time for each feeding site during feeding activities of five species of pentatomids on vegetative (stem, leaflet, petiole) and reproductive (pod, ear head) structures of their host plants. In addition, plant histology also reveals some stink bug feeding peculiarities. For instance, during stylet penetration, the stink bug secretes gelling saliva to create a salivary sheath, which can be complete (i.e., surrounding the stylets until they reach the cells) or incomplete, according to the feeding strategy used. In vascular cells, stink bugs secrete a complete salivary sheath. On the other hand, when using the cell rupture strategy either on the stem or on the seed endosperm, the stink bug secretes an incomplete salivary sheath at the beginning of the stylet insertion point only (more details in , 2017a .
EPG Monitoring of Stink Bug Activities
Waveforms representing ingestion sites
The EPG waveforms recorded from the five species of stink bugs already studied were obtained using two kinds of EPG monitors. The feeding behavior of E. meditabunda was recorded using a DC monitor, Giga-8 model (EPG Systems, Wageningen, The Netherlands) with a fixed input resistor (Ri) (actually, impedance) of 10 9 Ω and direct current (DC) as the applied signal. The other four species (P. guildinii, D. melacanthus, D. furcatus, and N. viridula) were recorded using an AC-DC monitor (EPG Technologies, Inc., Gainesville, FL) with variable Ri and applied signal settings according to species evaluated. For P. guildinii, D. melacanthus, and D. furcatus, 50 mV of alternating current (AC) was applied and different Ri levels (ranging from 10 6 to 10 13 Ω) where used; whereas, for N. viridula 100 mV of AC was applied and only one Ri level (10 7 Ω) was used. Despite these different instruments and settings, ingestion waveforms recorded were quite similar, and can be grouped into four main types.
Stink bugs exploit four different ingestion sites while feeding on their host plants: vascular tissues (xylem and/or phloem), parenchyma tissue, and seed endosperm (Table 2) . During EPG recordings, each ingestion site is represented by a specific ingestion waveform type, except when the stink bug uses the cell rupture strategy on the stem (parenchyma) and on the seed endosperm, where the waveforms are similar in appearance and electrical characteristics.
All species of stink bugs so far evaluated on EPG first ingested from xylem vessels on both plant stages, i.e., vegetative and reproductive. This implies that they first hydrate by ingesting diluted xylem sap, and then ingest more nutrient-concentrated food from elsewhere. Waveforms generated from xylem ingestion (Type 1) are very similar in appearance and electrical characteristics among different stink bug species. They are composed of repetitive, squareto-round, rectangular plateaus, arranged in waves that are separated by peaks positioned at regular intervals over time.
Although waves are similar among species, differences in the peak orientation occur (Fig 6A-E) . In general, waveforms related to xylem sap ingestion recorded from stink bugs strongly resembles xylem ingestion waveforms observed in other piercing-sucking insects. Moreover, the waveforms also share similar electrical characteristics, such as high amplitude and a mixture of electrical origins, resistance (R), and electromotive force (emf) (see Walker 2000 or Backus 2016 for explanations of R and emf).
For pentatomids, only E. meditabunda has been observed to ingest from phloem cells; in this case, the waveform (Type 2) shows a peculiar pattern completely different from the xylem ingestion waveform. There is a repetitive, overlying pattern composed of large peaks alternating up and down (in a "sinuous form") ( Fig 7A) ; an expanded view of this sinuous form shows a low-amplitude, highly regular waveform underlying it (Fig 7B) . This low-amplitude E. meditabunda phloem ingestion waveform has similar characteristics (electrical and appearance) to the waveforms recorded for other phloem-feeders, such as aphids. The sinuous overlying waveform occurred with aphid recordings using the original AC monitor (McLean & Kinsey 1964) and is now thought to represent membrane polarization and signal conductance through the phloem (Salvador-Recatalà et al 2014). In general, the phloem phase of aphids is characterized by two distinct waveform types, which occur in sequence: the first one is correlated with salivation into the sieve elements to recognize the ingestion site, and the second waveform is related to passive phloem sap ingestion, which begins after recognition. In contrast, for E. meditabunda, two separate waveforms could not be clearly distinguished.
Waveforms recorded during feeding activities of D. melacanthus and of D. furcatus on parenchyma tissue (of maize and of wheat stem, respectively) show similar appearances and electrical characteristics. They present two different waveform types (Type 3 and Type 4) that occur interspersed with each other (Fig 8A) . Type 3 is formed by irregular, continuous peaks, often downward oriented (Fig 8B) . Type 4 is a very short-duration waveform and highly regularly shaped compared to the first one (Fig 8C) . Type 3 corresponds to laceration/maceration of "cell pockets" for subsequent ingestion, which probably occurs during Type 4, when stylets are observed to be motionless into the tissue for a brief time. In support of this idea, Type 4 generally resembles ingestion waveforms. On reproductive structures (seeds), P. guildinni on soybean and D. furcatus on wheat use the cell rupture strategy to feed; N. viridula probably also uses this strategy to feed on soybean seed; however, this information was not reported by Cooke (2014) . Waveforms recorded are similar in appearance and electrical characteristics. As on parenchyma, waveforms related to feeding activities on seeds also present the same two types that occur interspersed with each other (Fig 9A) . Type 3 shows irregular frequency, with regular portions composed of peaks both downward and upward oriented (Fig 9B) , which represent the laceration/maceration part of the tactic. Type 4 is short-duration with a regular pattern (Fig 9C) , and probably corresponds to the ingestion part of the tactic.
For N. viridula, Cooke (2014) also observed an irregular waveform with peaks downward orientated (Type 3) very similar to the waveform observed to P. guildinii fed on soybean seed; however, the author did not report a presence of a short and regular waveform (Type 4), as observed in P. guildinii and D. furcatus. In fact, in some stink bug recordings, the Type 4 waveforms on parenchyma tissue and on seed endosperm also were not clearly observed or recorded, even though Type 3 was registered. Therefore, ingestion may be postponed. Alternatively, it is plausible to think that during Type 3 (laceration and maceration activities), the ingestion process may be occurring simultaneously.
Although waveforms recorded at the same Ri level are thought to present a regular and constant pattern during the entire recording time (Backus 2016) , sometimes the waveform recorded for the same ingestion site may present slight differences in appearance, among individuals and even within the same individual recorded. This may be caused by poor quality of the wiring, and/or setting of the equipment (e.g., input impedance [Ri] or improper offset to control for AC versus DC). Therefore, multiple insects should be recorded to obtain waveforms that better represent each behavior, and the EPG settings should also be tested to determine the best blend to record the feeding process to create a waveform library. So far, results have demonstrated that for stink bugs, the best number and detail of waveforms is seen with Ri of 10 7 Ω using low-voltage AC applied signal. 
EPG as a Breakthrough Technology Unveiling Feeding and Other Activities
Considering the many tools used to unveil feeding activities and others of sucking insects such as stink bugs, no other method provides such a holistic approach to such power as EPG. From initial stylet penetration into a food substrate (pathway activity), to stylet anchoring into ingestion sites, saliva injection and destruction of cell walls, ingestion and finally stylet removal, recognizable waveforms are generated. These waveforms are the closest and best traits to date to characterize the activities that compose the feeding process. Egg laying is a further process that can be captured by EPG (Lucini & Panizzi 2017a) and is an avenue for further exploration of stink bug activities. Starting with pathway activities, sculptures ("teeth") present on the tip of the outer, mandibular stylets open up the way to the ingestion site, tearing the plant tissue on the way. The gelatinous saliva produced that surrounds the stylets "pave" the way until a suitable place is found to anchor the stylet tips. From this point on, if the stylets reach a vascular cell (xylem or phloem), typical waveforms that repeat along the way are generated. If the ingestion site is not a vascular cell, laceration/maceration occurs with destruction of cell walls. The movements of the stylets are vigorously reaching "long" distances in the most variable directions (see Fig 3) .
After this period of stylet activity, a calm phase ensues where the stylets remain motionless while food intake (ingestion) occurs. Following this, rupture phases restart, followed again by ingestion; the cycle may be repeated several times, with waveforms repeatedly performed until the stylets are removed. These typical waveforms related to specific stylet activities and locations are the "core" of EPG. As studies on stink bug feeding using EPG advance, and libraries of waveforms are produced and stored, new insights into the once mysterious feeding process of stink bugs may be revealed. The available EPG information generated from stink bug species paves a way for further studies evaluating other pentatomid pest species.
Using EPG information already known, further studies can be done; for instance, comparisons between mated/ unmated/sexes (Suzuki & Hori 2014) , screening for possible plant hosts applicable to invasive pests (Sandanayaka & Backus 2008 , Sandanayaka et al 2013 , characterize plant resistance to sucking pests (Diaz-Montano et al 2007, Rangasamy et al 2015 , Todd et al 2016 , acquisition and inoculation of plant pathogens , Bonani et al 2010 , and effect of insecticides on insect feeding behavior (Harrewijn & Kayser 1997 , He et al 2011 , Serikawa et al 2012 , Civolani et al 2014 . Since chemical control is the most used method to manage pests such as stink bugs, the knowledge of their feeding behavior would provide useful information to develop more sustainable tactics of control.
Concluding Remarks
Previous studies conducted to investigate feeding activities of stink bugs (pentatomids) were based on visual observations and counting the external portions of salivary sheaths (flanges) deposited on the plant surface during feeding (Bowling 1979 (Bowling , 1980 . The use of electropenetrography (EPG), however, now allows researchers to investigate and unveil previously unknown feeding activities of stink bugs on different host plants. In this context, it is possible to determine with precision the feeding sites exploited, feeding strategies used, and the number and duration of feeding events in each site. Once the challenge of wiring stink bugs was overcome , and the first waveforms related to different feeding sites and strategies were characterized (Cooke 2014 , 2017a , demonstrating the possibility of exploring the EPG to study the feeding process of stink bugs, the "road was paved" for a myriad of studies to be carried.
Ultimately, data from EPG studies on stink bugs coupled with histological studies will not only increase our understanding of the feeding process and resulting damage, but will open up opportunities for researches to apply this knowledge in integrated pest management (IPM) programs. This may include evaluation of chemical compounds on their feeding behavior, and evaluation of antibiotic and antixenotic effects of host plants on stink bug biology.
